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(54) Title: METHOD FOR PREPARING TISSUE CONSTRUCTS 

(57) Abstract: The present invention relates to a method of assembling a single living tissue sheet formed of different cell popula- 
tions. According to this invention at least two ceU populations composing at least two living tissue sheets can be assembled into a 
single continuous tissue construct The cells of this construct can also be autologous or heterologous depending on the needs and the 
type of implant to be transferred in a recipient patient. 
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METHOD FOR PREPARING TISSUE CONSTRUCTS 
TECHNICAL FIELD 

The invention relates to tissue engineering. It also relates to in vitro 
production of bioengineered tissue constructs containing spatially separated 
5 populations of living cells with extracellular matrix, and a method of 
preparation thereof This method can be applied to the construction of a wide 
range of tissue constructs requiring spatially distinct domains with specific 
cell populations, extracellular matrix and mechanical properties. 

BACKGROUND ART 

10 Tissue engineering is the art of reconstructing tissue from isolated 

cells and extracellular matrix components. One efficient way of 
reconstructing tissues and organs is to first produce living tissue sheets. These 
sheets, composed of living cells and extracellular matrix, can be used as a 
starting material for flie crafting of tissue-engineered constructs. When 

15 mechanically assembled with the appropriate tensile strength and the desired 
shape, the cells will continue to secrete matrix proteins and adjacent sheets 
will fuse together to form a solid structure. Moreover, these constmcts can be 
made from autologous cells, thus avoiding the immune rejection of the graft. 

Living tissue sheets sufficiently strong to be manipulated can be 
20 obtained by several methods. The extracellular matrix in the tissue sheet can 
be either exogenously added or self-produced by the cells. Cells can be 
seeded along with exogenous extracellular matrix components to form a tissue 
sheet (ref Bell). Also, cultured cells can synfliesize their own extracellular 
matrix when incubated in the presence of appropriate reagents. It has long 
25 been known that ascorbate stimulates collagen production in cultured cells of 
mesenchymal origin. When cultured on a plastic surface in the presence of 
ascorbic acid, fibroblasts and smooth muscle cells will form sheets that 
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eventually detach from the culturing substratum. This auto-assembly method 
yields tissue with organ-like mechanical properties and devoid of any 
synthetic material, making it perfectly compatible with the living organism in 
which it is to be implanted. 

5 When a tissue reconstructed with layers of different cell types has 

to be produced, the successive assembly of the different separated sheets 
increases the production time of the final product. Furtherniore, tissue 
artifacts may appear at the point of fusion between the sheets as prepared in 
the art. 

10 

DISCLOSURE OF INVENTION 

One object of the present invention is to provide a method for 
assembling living tissue sheets for forming a continuous tissue construct 
comprising ttie step of: 

15 providing at least two cell populations capable of forming at 

least two separate living tissue sheets, the cell populations 
being partially or totally confluent; and 

causing edge contact between the cell populations of step a) for 
a period of time sufficient for assembling the living tissue 
20 sheets into a single continuous tissue construct. 

The cell populations of step a) may be composed of homologous or 
heterologous types of cells and are preferably mammalian cells selected from 
the group consisting of mesenchymal cells, muscle cells, smooth muscle cells 
or fibroblasts. 

25 Another object of the present invention is to provide a single 

continuous tissue construct composed of at least two living tissue sheets, 
wherein the living tissue sheets are placed in edge contact for a period of time 
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sufficient for causing assembly of the living tissue sheets into a single 
continuous tissue construct. 

The living tissue sheets used in the preparation of the single 
continuous tissue construct can be composed of homologous or heterologous 
5 types of cells. 

The cell population may comprise at least one type of cells. 
The living tissue sheet may comprise at least one cell layer. 

The living tissues can be separated by a separator, which can be 
impermeable or allows selective passage of components contained in a culture 
10 medium in which are maintained the cell populations, living tissue sheet, tri- 
dimensional tissue constmcts or tissue grafts. 

The contact of cell populations of step b) may be caused by 
removal of the separator between the at least two living tissue sheets, or by 
placing the living tissue sheets in contact. 

15 Another object of the present invention is to provide for the 

production of a tubular tissue construct by rolling the continuous tissue 
constmct as described above. 

In accordance witfi the present invention there is provided a tubular 
tissue construct that is a blood vessel. 

20 According to another aspect of the invention, there is provided a 

method of forming a continuous living tissue constmct comprising allowing 
edge contact of at least two separated cell populations maintained in culture, 
each cell population forming a living tissue sheet, for a period of time 
sufKcient for assembling of the cell populations into a single continuous 

25 tissue construct. 
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Another object of the present invention is to provide a mettiod to 
rapidly produce a living tissue sheet with two or more distinct domains or cell 
populations, which are perfectly fused or biologically joined together. 

Another aspect of the invention is that the cells forming the cell 
5 populations, the living tissue sheets or the tri-dimensional tissue constructs, 
can consist of genetically transformed cells. 

In accordance with the invention, there is also provided a method 
allowing the creation of leak-proof compartments in a tissue culture flask. 
Each of these compartments can be separately seeded with different cell types 

10 and extracellular matrix, resulting in the creation of a composite sheet of 
tissue that can be folded, stacked, cut, or rolled in order to create the desired 
tridimensional tissue constructs. A silicone or mbber separator device that is 
placed in the culture dish before seeding of the cells can be used to achieve a 
separation between the different cell populations. After the cells have attached 

15 to their respective part of the dish surface (1 to 24 hours, depending on the 
cell type), the separator is removed and the cell populations are allowed to 
grow and close the gap between them. The composite cell sheet that is formed 
by this method is completely devoid of any suturing artifacts and its different 
parts are perfectly fused together. The shape of the separator can be designed 

20 to allow a particular motif of cell layers to be produced for further assembly 
in a tridimensional construct. Many separators may be used to generate 
multiple cell domains on the sheet. 

It will be understood that the cell populations can be embedded into 
a gel, preferably but not limited to a collagen gel, before being placed in 
2 5 culture for allowing edge contact. 
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RRIFF DKSCRTPTION OF THE DRAWINGS 

Fig- 1 is a the schematic representation of the method of preparing 
tissue constructs according to one embodiment of the present invention. 

5 MODES OF CARRYING OUT THE IPJVENTION 

The present invention will be more fully described hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of 
the invention are shown. This invention, may, however, be embodied in many 
different forms and should not be construed as to be limited to the 
10 embodiments set forth herein; rather, these embodiments are provided so that 
this disclostire will be thorough and complete, and will fully convey the scope 
of the invention to those skilled in the art. 

In many cases, tissue constructs may require that different sheets 
made of different cell types be assembled together without any suturing 
15 technique. This can be achieved by co-culturing tiie sheets side by side, 
allowing the cells to organize the matrix between them and to make the sheets 
fused together. Prior to seeding the cells, a separator, that will create a 
temporary physical barrier between the flask compartments, is placed in the 
flask. 

20 The separator can be used with any flask suitable for cell culture. 

Its design can be made to fit any size and any shape. 

This process can be extended to create more than two domains in a 
sheet by using many separators. The separators can be of different shape and 
size and can also be shaped to gmerate a desired pattern. 

25 Another embodiment of the present invention is that the continuous 

tissue construct can be prepared by placing in edge contact at least two cell 
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populations or tissue domains following separate culture of each population or 
domain. 

The first cell culture chamber can be separated firom the second cell 
culture chamber, by an impermeable or a filtration membrane. A transfer of 
5 the cell products between the cell culture chambers may thus be isivoided or 
allowed. The transfer of cell products firom one cell culture chamber to the 
second cell culture chamber can occur continuously or temporarily. The 
method for producing the culture tissue constructs permits simultaneous 
culturing of the two cell cultures side by side, for example, in a common 
10 culture medium. As the filtration membrane is impermeable to cells, 
contamination of the cell cxiltures with cells of the other cell culture is 
excluded. 

After a certain period of time, the separator is removed or the tissue 
sheets are put in contact to allow edge fiision of cell populations. A matrix 
15 can be synthesized at the line of contact of or between the tissue sheets before 
and/or during fiision of the cell populations. The matrix is generally 
autoproduced by at least one of the cell populations, and can be composed of 
different collagen types, fibronectin, or of any other compound produced by 
the cells that will facilitate fiision of the tissue sheets. 

2 0 The steps of forming the cellular populations of the tissue construct 

may be conducted in the presence of growth factors effective to promote 
proliferation of the cultured cells employed to repopulate the matrix. For 
example, but without limitation, when fibroblast cells are employed, a growth 
factor for use herein nriay be fibroblast growth factor (FGF), most preferably 

25 basic fibroblast growth factor. Epithelial growth factors or other cell 
proliferation and differentiation factors can be used in the preparation of a 
continuous tissue constmct of the present invention. 



PCT/CA03/00617 



WO 03/091380 



-7- 

The fibroblast growth factors (heparin-binding) are a family of 
mitogens active on mesenchymal cells. FGFs are not detected in free 
condition in the medium, instead the FGFs are found in the extracellular 
matrix in association with heparin sulfate, localized in the fibronectin-heparin 
5 layer preboimd to the transplant tissue matrix. Glycosaminoglycans stabilize 
FGF activity and are required for FGF binding to cell surface receptors where 
they stimulate autocrine/paracrine growth. 

One embodiment of the invention uses autologous cells in the 
process described herein. A tissue sample is taken from the recipient prior to 
10 transplant or implant surgery. The cells are taken and cultured in accordance 
with the metiiods described herein, to produce a continuous tissue constmct 
containing fibroblasts or other cells which are then used to synthesize the 
allogeneic or xenogeneic tissue construct, in accordance with this process. 

The cell soxirce can be selected to match the tissue to be 
15 transplanted. For example, if a blood vessel is to be transplanted, cells can be 
taken from a recipient's healthy blood vessel and used as the source of cells 
for tissue construct preparation. In this fashion, the healthy tissue constract 
can be very closely matched to the recipient's diseased tissue. 

This aspect is important when the tissue is highly inmiunogenic, 
20 such as when a tissue comprising endothelial cells, and forming, for example, 
transplantable blood vessels. 

Among cell types tiiat can be considered to perform the present 
invention, but without limitation, , are muscle cells, fibroblasts, and 
mesenchymal cells. Preferably, muscle cells are smooth muscle cells. 
25 Precursor or stem cells can also be used to compose cell populations, living 
tissue sheets or tri-dimensional tissue constmcts. 



wo 03/091380 



PCT/CA03/00617 



-8- 

Alternatively, allogeneic cell lines which are not likely to cause an 
unacceptable immune response upon implant may be used to prepare the 
tissue construct. Cells that cause no more than a weak or tolerable 
inununogenic response may be used to populate the tissue construct to 
5 provide a substantially non-immunogenic new or rq>lacement tissue. These 
cells may be naturally weakly immunogenic or be designed by virtue of 
recombinant cell technology to be weakly immimogenic. 

In one embodiment of the present invention, the continuous tissue 
construct can be prepared by placing in culture at least two living tissues or 
10 cohesive cell populations in a manner to favor edge contact and eventually 
fusion of the tissue sheets for forming one tissue construct. 

According to another embodiment of the present invention, it will 
be imderstood that the tissue sheets can be made of several superimposed 
layers of sheets. This can be defined as being a tri-dimensional tissue 

15 construct. Among the tissue substitutes that can be considered, but without 
limitation, are collagen gels cast with living cells, acellular matrices or 
synthetic materials. Alternatively, when performing the method of the present 
invention the tissue sheets can be replaced by biopsies or other tissue 
substitutes before fusing them into a continuous tissue construct. It will be 

20 recognized by someone skilled in the art that the latter, obtained under 
different configurations or forms, can constitute or be used as a graft or a 
replacement tissue. 

It will be recognized by those skilled in the art to which the present 
invention pertains that the cells forming the tissue sheets or tri-dimensional 
25 tissue constructs can be composed or may comprise genetically transformed 
cells. Different methods are currently used in the art to genetically transform 
animal cells. Hie transformation can be either transient or stable, where the 
goietic expression DNA vectors are episomic or integrated into the genome 
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of the cells. The cells can also be transformed by using viruses, plasmids, 
retroviruses, cosmids, or other expression vectors allowing the recombinant 
production of a protein or peptide of interest in the transformed cells involved 
in the production of tissue sheets, tissue constructs or continuous tissue 
5 constructs as defined herein. 

The present invention will be more readily understood by referring 
to the following examples which are given to illustrate the invention rather 
than to limit its scope. 

10 EXAMPLE I 

Apparatus and method for preparing a continuous tissue construct 

Fig. 1 depicts the structure of a typical separator. A rigid rod, that 
can be made of wood, polymer, metal or biological material, may be 
concealed in an elastomer matrix that is shaped in a way that allows the g^ 

15 between the cells to be sufficiently small to be covered by the cells once the 
separator is removed, preferably a blade-like stmcture with a sharp edge. The 
assembly has to be made of materials that can be sterilized. At both ends of 
the rod, a small piece of elastomer functions as a compression fitting that 
allows the separator to fit tightly in place between the flask walls. When the 

20 separator is in place, the edge is in contact with the plastic surface of the 
culture flask effectively separating the surface in two leak proof 
compartments. The different cell lines are then seeded in each compartment, 
and allowed to attach to the surface of the flask before the separator is 
removed. More than two separators can be used simultaneously to obtain 

25 more than two different compartments. This attachment can take 1 to 24 
hours, depending on the cell line used (4 hours works well with fibroblasts). 
The advantage of using a sharp edge on the separator is that only a small gap 
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is created in the cell distribution. As soon as the separator is removed, the 
cells quickly fill this space, resulting in a continuous cell distribution. The 
sheet composed of the cells and the extracellular matrix secreted is 
continuous, allowing the assembly of both cell types into a continuous sheet 
5 in one step. 

The present invention was appUed to the assembly of a tissue- 
engineered blood vessel. Natural blood vessel walls are formed of two 
structurally and functionally distinct layers: the inner contractile media, 
composed of smooth muscle cells (SMC), and the mechanically strong 
10 adventice, composed of fibroblasts. In order to reconstmct this structure, one 
or more sheets of SMCs can be rolled over a solid mandrel to form the 
contractile media layer and then one or more fibroblast sheets can be rolled 
over the media layer to produce the adventitia layer. 

With the proposed invention, the cell sheets are made as one long 
15 continuous sheet composed of two parts: a SMC domain and a fibroblast 
domain. The size and length of the tissue sheet as well as the cellular domains 
can be adjusted by selecting appropriate culture flasks. This longer sheet is 
rolled in the same manner as described above, producing in a single step a 
conq>lete vessel wall with a dual layer design diat mimics the arrangement of 
20 the natural vascular wall. The following cell culture methods were used in 
order to obtain cell sheets: typically, a removable separator was placed in a 
SOO cm^ culture dish in order to produce two distinct compartments. Viable 
sub-cultured smooth muscle cells and fibroblasts (passages 3-7) were then 
separately seeded on each side of the separated culture dish with a final 
25 seeding density of 10"* cells/cm^. Cells were fed with 80 ml of culture medium 
(3:1 mixture of Dulbecco's Modification of Eagle's Medium™ and Ham's F12 
Modified Medium™, 10% Fetal Clone n firom Hyclone™, 100 U/ml of 
penicillin G and 25 |ig/mi of gentamicin). The culture medium was changed 
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every two days. A freshly prepared solution of ascorbic acid was added every 
two days to the culture medium at a final concentration of 50 ug/ml. Cells 
were kept in a humidified atmosphere (92% air and 8% CO2). Under these 
conditions the cells will adhere to the culture surface and proliferate until the 
5 entire culture surface is covered with cells. The separator has to be in place 
during the cell adhesion phase and can be removed during the cell 
proliferation phase or during the sheet formation phase. If the culture 
conditions are maintained, the cells form a tissue in which multiple cell layers 
are embedded in an endogenous fibrous material and the sheet formed will 

10 eventually detach itself as a whole from the substratum. To roll the living 
sheet, one edge of the sheet is placed between a tubular support and a thread. 
The thread squeezes the sheet and holds it in place while the sheet is rolled 
around the tubular support and finally the sheet is re-secured with a thread to 
prevent imroUing. Thereafter, the tubular living tissue can be cultured for 

15 several weeks, with ascorbic acid, to allow further maturation of the tissue. 

While the invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of further 
modifications and this application is intended to cover any variations, uses, or 
adaptations of the invention following, in general, the principles of the 
20 invention and including such departures from the present disclosure as come 
within known or customary practice within the art to which the invention 
pertains and as may be applied to the essential features hereinbefore set forth, 
and as follows in the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A me&od for producing a continuous living tissue construct 
comprising allowing edge contact of at least two separate cell populations 
maintained in culture, each cell population forming a living tissue, for a 
period of time sufficient for assembling of said at least two cell populations 
into a single continuous living tissue construct. 

2. The method of claim 1, wherein said cell populations are partially 
or totally confluent. 

3. The method of claim 1, wherein said cell population are embedded 
into a gel before being placed in culture for allowing edge contact. 

4. The method of claim 3, wherein said gel is a collagen gel. 

5. The method of claim 1, wherein said cell populations are composed 
of homologous or heterologous cells. 

6. The method of claim 1, wherein said cell populations are composed 
of manmialian cells. 

7. The mediod of claim 1, wherein said cell populations are composed 
of cells selected from the group consisting of mesenchymal cells, muscle 
cells, or fibroblasts. 

8. The method of claim 7, wherein said muscle cells are smooth 
muscle cells. 
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9. The method of claim 1, wherein said cell populations comprise at 
least one type of cells. 

10. The method of claim 1, wherein said living tissue is a sheet 
comprised of at least one cell layer. 

11. The method of claim 1, wherein at least one of said cell populations 
is a single cell layer, a tri-dimensional tissue construct or a tissue graft. 

12. The method of claim 1, wherein at least one of said cell populations 
comprises genetically transformed cells. 

13. The method of claim 1, wherein said cell populations are separated 
by a separator. 

14. The method of claim 13, wherein said separator is impermeable or 
allows selective passage of components contained in a culture medium. 

15. The method of claim 1, wherein said contact is caused by removal 
of a separator between the at least two cell populations, or by placing said cell 
populations in contact. 

16. A method for producing a tubular tissue construct comprising 
rolling the continuous tissue construct of claim 1. 

17. The method of claim 16, wherein said tubular tissue construct is a 
blood vessel. 
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18. A single continuous tissue construct produced by the method of 

claim 1. 

19- The single continuous tissue construct of claim 18, wherein said 

living tissue sheets are composed of homologous or heterologous ^es of 
cells. 

20. The single continuous tissue construct of claim 19, wt^rein said 
types of cells are mammalian cells. 

21. The single continuous tissue construct of claim 19, wherein said 
types of cells are selected from the group consisting of mesenchymal cells, 
muscle cells, or fibroblasts. 

22. The single continuous tissue construct of claim 21, wherein said 
muscle cells are smooth muscle cells. 

23. The single continuous tissue construct of claim 18, wherein at least 
one living tissue sheet comprises at least oiie type of cells. 

24. The single continuous; tissue construct of claim 18, wherein said 
living tissue sheet comprises at least one cell layer. 

25. The single continuous tissue construct of claim 18, wherein said 
living tissue sheets are placed in edge contact after removal of a separator to 
form said continuous tissue construct. 
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26. The single continuous tissue construct of claim 25, wherein said 

separator is impermeable or allows selective passage of components 
contained in a culture medium in which are maintained said living tissue 
sheets. 



r 



WO 03/091380 



1/1 



PCT/CA03/00617 




Fig. 1 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property 
Organizatioii 
International Bureau 




(43) International Publication Date (10) International PubUcation Number 

6 November 2003 (06.11.2003) PCT WO 2003/091380 A3 



(51) International Patent Clas^cation^: C12N 5/06. 5/08 

(21) International Application Number: 

PCT/CA2003/000617 

(22) International Filing Date: 24 April 2003 (24.04.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/374,786 



24 April 2002 (24.04.2002) US 



(71) Applicant (/or all designated States except US)z BIO- 
GENTIS INC. [CA/CA]; 1336, rue Duquet, Sillery, 
Qu6bec GIS 1A9 (CA). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): AUGER, Francois, 
A, [CA/CA]; 1336, rue Duquet, Sillery, Quebec GIS 1 A9 
(CA). BERGERONjFran^ois [CA/CA]; 205 1, rue Richer, 
apt 12, Sainte-Fby, Quebec GIV 2P5 (CA). GERMAIN, 
Lucie [CA/CAJ; 232, du Trifle, Saint-Augustin, Quebec 
G3A 1H8 (CA). 

(74) Agent: OGILVY RENAULT; Suite 1600, 1981 McGill 
College Avenue, Montii6al, C2ua)ec IDA 2Y3 (CA). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO. CR, CU, 
CZ. DE, DK, DM. DZ, EC, EE, ES. H. GB, GD, GE. GH. 
GM, HR, HU, ID, IL. IN. IS, JP, KE, KG, KP, KR, KZ, LC. 
LK, LR, LS, LT. LU, LV, MA, MD, MG. MK, MN, MW, 
MX, MZ, NT, NO, NZ, OM, PH, PL, FT, RO, RU, SC, SD, 
SE, SG. SK, SL, TJ. TM, TN. TR. TT, TZ. UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, n, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CP, CG, CI, CM, 
GA, GN, GQ, GW. ML, MR. NE, SN, TD, TG). 

Published: 

— with international search report 

(88) Date of publication of the International search report: 

5 February 2004 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



00 

1—1 



(54) TlUe: METHOD FOR PREPARING TISSUE CONSTRUCTS 

(57) Abstract: The present invention relates to a method of assembling a single bving tissue sheet formed of different cell popula- 



tions. According to this invention at least two cell populations composing at least two living tissue sheets can be assembled into a 
^ single continuous tissue construct. The cells of this construct can also be autologous or heterologous depending on the needs and the 
^ type of implant to be transferred in a recipient patient. 



INTERNATIONAL SEARCH REPORT 



li^jKttlionat Application No 

pW/CA 03/00617 



A. CLASSinCATION OF SUBJECT MATTER 

IPC 7 C12N5/06 C12N5/08 






According to International Patent Classification (IPC) or to botti national das^ficat 


ion and IPC 




B. RELDS SEARCHED 


Minimum documentation searched (dassificallon system followed by dassificatlon symbols) 

IPC 7 C12N C12M 


Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 


Electronic data base consulted during the international search (name of data bas 


e and, where pradlcal. search terms used) 


EPO-Internal , BIOSIS, EMBASE 






0. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of document with indlcattoa where approprfate. of the relevant passages 


Relevant to dalm No. 


X 
A 


L'HEUREUX N ET AL: "A completely 

biological tissue-engineered human blood 

vessel" 

FASEB JOURNAL, 

vol. 12, 1998, pages 47-57, XP002942845 
ISSN: 0892-6638 
the whole document 


18-26 
17 


X 


US 6 133 030 A (BHATIA SANGEETA 
17 October 2000 (2000-10-17) 
the whole document 


ET AL) 


1-15, 
18-26 


X 


WO 00 66036 A (MASSACHUSETTS GEN HOSPITAL) 
9 November 2000 (2000-11-09) 
the whole document 


1-16, 
18-26 


A 


US 5 750 329 A (QUINN FREDERICK D 
12 May 1998 (1998-05-12) 


ET AL) 




[ 1 Further documents are listed In the continuation of box C. 


1 Patent famDy members are listed In annex. 


Special categories of dted documents : 

*A* document defining the general state of the art which Is not 

considered to be of particular relevance 
*E' earlier docunrtent but published on or after the International 

filing date 

■L' document which may throw doubts on prtority daIm(s)or 
which Is cQed to estabS^ the publication <^e of another 
dtalion or other special reason (as spectfied) 

'O* document referrfaig to an oral disdosure, use. exhilsltion or 
other means 

■P' document published prtor to the international filing date but 
later than the prforily date dafmed 


'P later document published after the international filing date 
or prtority date and not in conflict with the application but 
dted to understand the prindple or theoiy undertying the 
invention 

'X* document of particular relevance; the daimed Invention 
cannot be con^dered novel or cannot be considered to 
involve an inventive step when the document is talcen alone 

'V document of particular relevance; the claimed invention 
cannot t>e considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

'&* document member of the same patem family 


Dale of the 


actual oompletlon of the International search 


Dale of maiQng of the international search report 


22 October 2003 


29/10/2003 




Name and mailing address of the ISA 

European Patent OTIce, P.B. 5818 Palentlaan 2 
NL-2280HVRqsw5k 
TeL (431-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (431-70)340-3016 


Authorized officer 

Teyssler, B 



Fonn FCT/1SA/210 (sacond sheet) (JuV 1892) 



IN I bKNA I lUNAL SbAKUH KbHUK I 

^Information on patent family members 



Patent document 
cited in search report 



Publication 



tonal Application No 

7CA 03/00617 



Patent family 
member(s) 



Publication 
date 



US 6133030 


A 


17- 


•10-2000 


US 


6221663 Bl 


24-04-2001 










US 


2001023073 Al 


20-09-2001 










CA 


2217266 Al 


14-11-1998 




WO 0066036 


A 


09- 


-11-2000 


AU 


4805500 A 


17-11-2000 










CA 


2370781 Al 


09-11-2000 










EP 


1187909 A2 


20-03-2002 










OP 


2002542883 T 


17-12-2002 










WO 


UUOOUjO nc 


uy— 1 i— ^uuu 










US 


2003003575 Al 


02-01-2003 










us 


.. 6455311 Bl 


24-09-2002 


US 5750329 


A 


12- 


-05-1998 


us 


5695996 A 


09-12-1997 










AU 


3683895 A 


09-04-1996 










WO 


9609372 Al 


28-03-1996 



FofTnFXrr/lSA/2lO(palantlamilyaTnax) (July 1092) 



